Valve and pump shut-off in water pipeline systems lead to transient flow. This flow is a complex phenomenon and is potentially a very serious problem causing extra dynamic pressure in the system. Within the last few decades, the evolutionary and meta-heuristic algorithms, such as genetic algorithms, simulated annealing. More recently, however, ant-colony optimization algorithms have received considerable attention. In this paper the procedure and application of the ant-colony optimization algorithm to the design of a water supply pipeline system, considering dynamic pressures arising from valve closure, is presented. 
Valve and pump shut-off in water pipeline systems lead to transient flow. This flow is a complex phenomenon and is potentially a very serious problem causing extra dynamic pressure in the system. Within the last few decades, the evolutionary and meta-heuristic algorithms, such as genetic algorithms, simulated annealing. More recently, however, ant-colony optimization algorithms have received considerable attention. In this paper the procedure and application of the ant-colony optimization algorithm to the design of a water supply pipeline system, considering dynamic pressures arising from valve closure, is presented. A simulationoptimization interaction loop (SOIL) is defined that cycles between the steady-state and transient flow modules to describe the hydraulics of the pipeline and ant colony optimization algorithm.
A hydraulic simulation module is coupled with the ant colony optimization algorithm to form an efficient and powerful software program which locates the pumping stations at any possible or predefined locations while optimizing their specifications, along with pipe diameters, at each decision point. The model may equally regard or disregard the dynamic pressures.
Two examples are provided to illustrate the proposed methodology which is limited to the solution of any gravity and/or forced water supply pipeline which is typical for water supply systems.
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NOTATION
The following symbols are used in this paper: 
INTRODUCTION
Minimization of the capital and operational costs of water conveyance systems has received considerable attention during the last few decades (Gupta 1969; Martin 1997; Jabbari & Afshar 2002) . Dynamic programming has successfully been used to determine the optimal solution to an approximation of the complete pipeline design problem (Martin 1990) . The selected design specifies the number and sizes of the pumping stations, length, diameter and the pressure classes of the pipeline at the beginning of each stage interval over the planning period.
Luettinger & Clark (2005) developed a geographical information system based route selection process to provide a rational basis for narrowing the existing potential alternatives into a final alignment corridor. Afshar et al.
(1990) developed a dynamic programming model to optimally integrate hydropower plant into a water supply main.
Within the past decade the focus has shifted to the use of search-based evolutionary and meta-heuristic algorithms, such as genetic algorithms, simulated annealing and, more recently. honey bees mating optimization and ant colony optimization (ACO) algorithms (Bozorg Haddad et al.
2008
). The search-based optimization algorithms seem to be more easily coupled to computationally expensive simulation models. They are also more powerful in handling nonlinear, non-convex problems.
ACO algorithms, using principles of communicative behavior occurring in real ant colonies, have successfully been applied to solve various combinatorial optimization problems. Examples include: the traveling salesman problem (Dorigo et al. 1996) , the quadratic assignment problem (Gamberdella et al. 1999; Maniezzo & Colorni 1999) , the job shop scheduling problem (Colorni et al. 1994) and the resource-constraint project scheduling problem (Merkle et al. 2000) . For an excellent overview on ant algorithms see .
However, very few applications of ACO algorithms to water resources problems have been reported. Abbaspour provided that they are almost blind. The path taken by individual ants from the nest to the food source is essentially random (Dorigo et al. 1996) . However, when they are The transition rule used in the original ant system is defined as (Dorigo et al. 1996 )
where P ij (k,t) is the probability that ant k selects option l ij for decision point i at iteration t, t ij (t) is the pheromone concentration on arc (i,j) at iteration t, h ij is the heuristic value associated with choosing option l ij at decision point i, N k (i) is the feasible neighborhood of ant k when located at decision point i, and a and b are two parameters that control the relative importance of the pheromone trail and heuristic value. The heuristic value h ij is analogous with providing the ants with artificial sight and is sometimes called visibility (Dorigo et al. 1996) . In static problems, the heuristic value is calculated once at the start of the algorithm and remains unchanged during the computation process. In this study, the heuristic value is determined as
The next node j where ant k chooses to move may be selected as (Dorigo & Gambardella 1997a )
where J is a value of a random variable selected according to the probability distribution of P ij (k,t) (see Equation (1) 
where t ij (t þ 1) is the amount of pheromone trail on option l ij of the ith decision point at the (t þ 1)th iteration, 0 # r # 1 is a coefficient representing the pheromone evaporation rate and Dt ij (t) is the change in pheromone concentration associated with arc (i,j) at iteration t. The amount of pheromone t ij (t) associated with arc (i,j) is intended to represent the learned desirability of choosing option l ij when at decision point i.
Various methods have been suggested for calculating the pheromone changes. The method used here was originally suggested by Dorigo & Gambardella (1997a) in which only the ant which produced the globally best solution from the beginning of the trail (ACS gb ) was allowed to contribute to pheromone change: 
SYSTEM IDENTIFICATION AND MODEL STRUCTURE
The proposed system for modeling is a pressurized water supply pipeline system with a predefined layout. A water supply pipeline may consist of n pipe segments and n þ 1 In this study, the target function is the total investment cost. In a mathematical formulation, one may define the model as
subject to: To make the problem solvable with the proposed ACO algorithm, the search space has to be discretized. In fact, ACO algorithms have been developed and extended for 
where a is the wave velocity, f is the Darcy -Weisbach friction factor and D is the pipe diameter. In this study, uniform valve closure has been assumed and the associated boundary conditions, based on the resulting velocity distributions at the outlet, have been defined. Other boundary conditions, such as reservoirs and pumps, may also be easily considered in the hydraulic simulator and/or optimizer.
No general analytical solution to these equations is available; however, the equations may be solved, using the method of characteristics as practiced in this model (Chaudhry 1979) . The numerical simulation module is 
MODEL APPLICATION
To examine the performance of the proposed algorithm in developing an optimum design of a water supply system under a transient flow regime, two examples are provided.
The first example consists of a gravity system with no pumping station. The second example is a system in which the inclusion of pumping stations at every node is possible.
For both systems, the static optimal design model is also along with geometrical input data, are presented in Figure 4 and Table 1 . As is clear from column 4 of Table 1 Table 2 , the solution to the model has converged to a feasible near-optimal solution. The results are presented in Figure 5 .
More detailed information is provided in Tables 2 and 3 . As shown in Table 3 diameter changes) resulted in more than $55K extra cost compared to the static flow regime (Table 6 ).
As column 5 of Table 6 shows, the least total cost for the steady state problem has been determined as $305,350. This solution, however, has violated the head constraints on nodes 1, 2, 8, 9, 10, 11 and 12 by 27, 24, 7, 30, 56, 70 and 84 m, respectively. After 12 more SOIL cycles, the model converged to a feasible near-optimal solution as presented in Figure 7 and Tables 5 and 6. As column 6 of Table 6 indicates, all pressure heads are in the permissible ranges and, hence, no constraint violation has been recognized.
This improvement was achieved by increasing pipe diameters at segments 6, 7, 8, 9, 10 and 11. In fact, the increased diameters resulted in lower velocities at segments and smaller dynamic pressure in the pipeline. The results for different valve closure times are presented in Tables 7 and 8, which clearly show how the solutions converge to 
CONCLUDING REMARKS
To apply ACO algorithms to water conveyance systems, one has to define the problem as a graph formed with decision points, options and costs associated with the options. In the water conveyance system, the hydraulics grade line and pumping head must be discretized into intervals, deciding on the hydraulics grade line and pumping level at each decision point with respect to an optimality criterion. Feasible paths for artificial ants to 
